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SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Hideki Nishimoto, a citizen 
of Japan residing at Kawasaki-shi, Kanagawa, Japan, Yasuaki 
Morimoto, a citizen of Japan residing at Kawasaki -shi, 
Kanagawa, Japan, Shigeru Arai, a citizen of Japan residing 
at Kawasaki-Shi, Kanagawa, Japan, Takehiko Numata, a citizen 
of Japan residing at Kawasaki -shi , Kanagawa, Japan, 
Shigenori Yanagi, a citizen of Japan residing at Kawasaki - 
shi, Kanagawa, Japan and Jun Aoki, a citizen of Japan 
residing at Kawasaki - shi , Kanagawa, Japan have invented 
certain new and useful improvements in 



OPTICAL RECORDING MEDIUM, METHOD OF DETECTING DATA BLOCK 
IDENTIFICATION MARKS, AND OPTICAL STORAGE UNIT 



of which the following is a specification 
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TITLE OF THE INVENTION 

OPTICAL RECORDING MEDIUM, METHOD OF 
DETECTING DATA BLOCK IDENTIFICATION MARKS, 
AND OPTICAL STORAGE UNIT 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
optical recording mediums, methods of detecting data 

10 block identification marks, and optical storage 

units, and more particularly to an optical recording 
medium which has data block identification marks 
arranged so as to reduce erroneous detection of the 
data block identification marks, a method of 

15 detecting the data block identification marks from 
an optical recording medium having the data block 
identification marks arranged only on one of land 
and groove of the optical recording medium, and an 
optical storage unit which uses such a method of 

20 detecting the data block identification marks from 
such an optical recording medium. 

2. Description of the Related Art 

A magneto-optical disk is recorded in 
units of sectors which are respectively made up of a 

25 sector mark, identification (ID) information and 
data. In other words, data to be recorded on the 
magneto-optical disk are divided into predetermined 
sizes, and the ID information for identifying the 
sector of the magneto-optical disk is added in front 

30 of each predetermined sized data. Further, the 
sector mark for indicating a start of the ID 
information is added in front of each ID information. 
The data are recorded on a spiral or concentric 
tracks on the magneto-optical disk in units of such 

35 sectors. 

The sector may be regarded as a kind of 
data block, and the sector mark may be regarded as a 
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kind of data block Identification mark. 

FIG. 1 is a diagram for explaining a 
sector mark arrangement on a conventional magneto - 
optical disk employing a land recording, such as 
5 that of a magneto-optical disk in conformance with 
the ISO standards. As shown in FIG. 1, sector marks 
102 are formed on lands 101, in the form of embossed 
pits . 

FIG. 2 is a diagram for explaining a 

10 sector mark arrangement on a conventional magneto- 
optical disk employing a land-groove recording. As 
shown in FIG. 2, sector marks 203 are formed on both 
lands 201 and grooves 202. A method of forming such 
sector marks on the magneto-optical disk is proposed 

15 in a Japanese Lald-Open Patent Application No.lO- 
8 3589, for example. 

FIG. 3 is a diagram showing a sector mark 
arrangement on a conventional magneto-optical disk 
employing a staggered- ID land-groove recording. As 

20 shown in FIG. 3, land sector marks 304 are formed on 
lands 301, and groove sector marks 303 are formed on 
grooves 302, and a light beam 305 scans both the 
lands 301 and the grooves 302. A track counting 
method for the magneto-optical disk employing the 

25 staggered-ID land-groove recording is proposed in a 
Japanese Laid-Open Patent Application No. 10-79125, 
for example. 

FIG. 4 is a diagram showing the 
construction of an optical system of a conventional 

30 magneto-optical disk unit. The optical system of 
the magneto-optical disk unit includes a 
semiconductor laser 401, a collimator lens 402, a 
polarization beam splitter 403, an objective lens 
404, a magneto-optical disk 405, a second beam 

35 splitter 406, a Wollaston prism 407, a condenser 

lens 408, a 2-part photodetector 409, glass plates 
410, a condenser lens 411, and a 4-part 
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photodetector 412. 

An enlarged view of the 2 -part 
photodetector 409 when viewed in a beam incident 
direction is shown below the 2 -part photodetector 
5 409. As shown, the 2-part photodetector 409 is made 
up of 2 detector parts a and b. In addition, an 
enlarged view of the 4-part photodetector 412 when 
viewed in a beam incident direction is shown on the 
right of the 4-part photodetector 412. As shown, 

10 the 4-part photodetector 412 is made up of 4 
detector parts p, q, r and s. 

A laser beam emitted from the 
semiconductor laser 401 is formed into parallel 
light by the collimator lens 402, and is transmitted 

15 through the polarization beam splitter 403 to be 
converged on the magneto-optical disk 405 via the 
objective lens 404. A magnetic field is applied to 
the magneto-optical disk 405, and the laser beam 
from the semiconductor laser 401 is modulated 

20 depending on a recording signal, so as to record a 
magneto-optical signal on the magneto-optical disk 
405 . 

At the time of the reproduction, the 
semiconductor laser 401 emits a laser beam at a 

2 5 power lower than that at the time of the recording, 
and the recorded signal is reproduced from the 
magneto-optical disk 405 by detecting reflected 
light from the magneto-optical disk 405. More 
particularly, the reflected light from the magneto- 

30 optical disk 405 passes through the objective lens 

404. reflected by the polarization beam splitter 403, 
and split by the second beam splitter 406. 

The light reflected by the second beam 
splitter 406 is split into a P-polarized component 

35 and an S-polarized component by the Wollaston prism 
407, and converged on the 2-part photodetector 409 
via the condenser lens 408. A difference signal (a- 



b) of outputs from the detector parts a and b of the 
2 -part photodetector 409 is detected as a reproduced 
magneto-optical signal. On the other hand, a sum 
signal (a+b) of the outputs from the detector parts 
a and b of the 2-part photodetector 409 is detected 
as an ID signal, and the sector mark is detected as 
this ID signal. 

The light transmitted through the second 
beam splitter 406 is converged on the 4-part 
photodetector 412 via the pair of glass plates 410 
and the condenser lens 411. The pair of glass 
plates 410 generates astigmatism depending on a 
position in a focal point direction of the objective 
lens 404, and thus, an oval beam spot is formed on 
the 4-part photodetector 412. The mounting angle of 
the pair of glass plates 410 is inclined by 45 
degrees with respect to the paper surface in FIG. 4, 
so that a major axis and a minor axis of the oval 
beam spot respectively form a 45 degree angle with 
respect to dark lines 412X and 412Y of the 4-part 
photodetector 412. A difference signal (p+s)-{q+r) 
corresponding to a difference between a sum signal 
(p+s) of the diagonally arranged detector parts p 
and s of the 4-part photodetector 412 and a sum 
signal (q+r) of the diagonally arranged detector 
parts q and r of the 4-part photodetector 412, is 
detected as a focus error signal (FES). In addition, 
a push-pull signal (p+q)-(r+s) of a first order 
diffracted light returning from the magneto-optical 
disk 405 is detected as a tracking error signal 
(TES) . 

FIGS. 5A through 5C are diagrams for 
explaining a positional relationship of land, groove, 
beam and detectors. FIG. 5A shows a positional 
relationship of the land, the groove and the beam. 
Lands 502 are arranged in a radial direction of the 
magneto-optical disk 405, and a beam 503 scans the 



land 502. FIG. 5B shows a relationship of the beam 
and the 2-part photodetector 409. The beam 503 
which is reflected by the magneto-optical disk 405 
is converged as two beam spots on the detector parts 
a and b of the 2-part photodetector 409. FIG. 5C 
shows a relationship of the beam and the 4 -part 
photodetector 412. The beam 503 which is reflected 
by the magneto-optical disk 405 is converted as a 
beam spot which overlaps the detector parts p, q, r 
and s of the 4-part photodetector 412. 

Next, a description will be given of a 
sector mark detection method. FIG. 6 is a system 
block diagram showing a conventional sector mark 
detection circuit. A sector mark detection circuit 
600 shown in FIG. 6 detects the sector marks in the 
optical system of the conventional magneto-optical 
disk unit shown in FIG. 4, by detecting the light 
received by the 2-part photodetector 409. 

The sector mark detection circuit 600 
includes current-to-voltage (I/V) converters 601 and 
602 for respectively converting output currents of 
the detector parts b and a of the 2-part 
photodetector 409 into voltages, an adder 603, a 
first order differentiating circuit 604. a second 
order differentiating circuit 605, comparators 606, 
607 and 608, AND circuits 609 and 610, and a flip- 
flop circuit 611, 

FIGS. 7A and 7B are diagrams for 
explaining signal waveforms at various parts of the 
conventional sector mark detection circuit 600 shown 
in FIG. 6. FIG. 7A shows a relationship of sector 
marks 701 and the beam 503 on the magneto-optical 
disk 405. In FIG. 7A, it is assumed for the sake of 
convenience that the magneto-optical disk 405 
rotates in a direction of the arrow. FIG. 7B shows 
signal waveforms at various parts of the sector mark 
detection circuit 600. More particularly, FIG. 7B 



-6- 



shows a sum signal 621 output from the adder 603, a 
first order differentiated signal 622 output from 
the first order differentiating circuit 604, a 
comparator output signal 627 of the comparator 606, 
5 a comparator output signal 628 of the comparator 607, 
a second order differentiated signal 623 output from 
the second order differentiating circuit 605, a non- 
inverted phase output signal 629 of the comparator 
608, an inverted phase output signal 630 of the 

10 comparator 608, an output signal 631 of the AND 

circuit 609, an output signal 632 of the AND circuit 
610, and a sector mark signal 633 output from the 
flip-flop circuit 611. In addition, reference 
numerals 74 and 75 in FIG. 7B denote threshold 

15 values. 

When the beam (or beam spot) 503 passes 
over the sector mark 701, the return light from the 
magneto-optical disk 405 reaches the 2-part 
photodetector 409 which outputs currents depending 

20 on the intensity of the received return light. The 
output currents of the 2-part photodetector 409 are 
converted into the voltages by the I/V converters 
601 and 602, and then added by the adder 603 which 
outputs the sum signal 621 of the signals output 

25 from the detector parts a and b of the 2-part 
photodetector 409. 

The sum signal is subjected to a first 
order differentiation in the first order 
differentiating circuit 604, and is subjected to a 

30 second order differentiation in the second order 
differentiating circuit 605. The first order 
differentiated signal 622 is compared with a 
positive voltage level 624 in the comparator 606 
which outputs the comparator output signal 627. On 

35 the other hand, the first order differentiated 

signal 622 Is compared with a negative voltage level 
625 in the comparator 607 which outputs the 
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comparator output signal 628. The second order 
differentiated signal 623 is compared with a zero 
voltage level 626 in the comparator 608 which 
outputs the non-inverted phase output signal 629 and 
5 the inverted phase output signal 630. The 

comparator output signal 627 and the inverted phase 
output signal 630 are input to the AND circuit 609 
which produces the output signal 631. In addition, 
the comparator output signal 628 and the non- 
10 inverted phase output signal 629 are input to the 

AND circuit 610 which produces the output signal 631 
The flip-flop circuit 611 is set by the output 
signal 631 of the AND circuit 609, and is reset by 
the output signal 632 of the AND circuit 610. Hence 
15 the sector mark signal 633 is detected and output 
from the flip-flop circuit 611. 

If the sector mark arrangement of the 
magneto-optical disk employing the land recording as 
in FIG. 1 is applied to the magneto-optical disk 
2 0 employing the land- groove recording, the sector mark 
arrangement of the magneto-optical disk employing 
the land-groove recording becomes as shown in FIG. 2 
In the case of the land- groove recording, the 
recording density increases in the radial direction 
25 of the magneto-optical disk because information is 
recorded on both the land and the groove. However, 
it is difficult to record the sector marks in the 
form of phase pits on both the land and the groove. 

In addition to the above difficulty in 
30 producing the magneto-optical disk, signals mix into 
signals of adjacent tracks, to thereby generate 
crosstalk between the land and the groove. In order 
to suppress generation of crosstalk, the method 
proposed in the Japanese Laid-Open Patent 
35 Application No. 10-79125 employs the staggered ID 
system in which pits of the ID signal on the land 
and the groove are staggered in the tangential 
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( Circumferential) direction of the magneto-optical 
disk. According to this staggered ID system, the 
sector marks are also staggered for the land and the 
groove, as shown in FIG. 3. Hence, the groove 
5 sector mark 303 and the land sector mark 304 are 
staggered in the tangential direction of the 
magneto-optical disk. As a result, there is a 
possibility of erroneously detecting a sector mark 
due to crosstalk. 

10 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
optical recording medium, method of detecting data 

15 block identification marks, and optical storage unit 
in which the problems described above are eliminated 

Another and more specific object of the 
present invention is to provide an optical recording 
medium which is capable of preventing erroneous 

20 detection of a data block identification mark such 
as a sector mark due to crosstalk. 

Still another object of the present 
invention is to provide a method of detecting data 
block identification mark and an optical storage 

25 unit, which are capable of detecting the data block 
identification mark from an optical recording medium 
on which the data block identification mark such as 
a sector mark is only arranged in a land or a groove 
A further object of the present invention 

30 is to provide an optical recording medium and an 

optical storage unit, which are capable of detecting 
an ID signal having a sufficiently large amplitude, 
without sacrificing a signal-to-noise (S/N) ratio of 
a reproduced data signal, even if embossed pits are 

3 5 made shallow depending on a groove depth of a track 
which suits the data reproduction. 

Another object of the present invention is 
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to provide an optical recording medium comprising a 
substrate having a land and a groove alternately 
arranged in a predetermined direction, a data 
recording region provided on the land and the groove, 
5 and an identification mark recording region provided 
on only one of the land and the groove and recorded 
with a data block identification mark. According to 
the optical recording medium of the present 
invention, it is possible to prevent erroneous 

10 detection of the data block identification mark, 
because the data block identification mark is 
recorded on only one of the land and the groove. 

Still another object of the present 
invention is to provide a method of detecting a data 

15 block identification mark from an optical recording 
medium which is provided with a substrate having a 
land and a groove alternately arranged in a 
predetermined direction, a data recording region 
provided on the land and the groove, and an 

20 identification mark recording region provided on 
only one of the land and the groove and recorded 
with a data block identification mark, comprising 
the step of detecting the data block identification 
mark from a land or a groove having no 

2 5 identification mark recording region, based on a 
crosstalk signal from a data block identification 
mark of an adjacent groove or land. According to 
the method of the present invention, it is possible 
to prevent erroneous detection of the data block 

30 identification mark, because the data block 

identification mark is recorded on only one of the 
land and the groove. 

A further object of the present Invention 
is to provide an optical storage unit for writing 

35 and/or reading information from an optical recording 
medium which is provided with a substrate having a 
land and a groove alternately arranged in a 
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predetermlned direction, a data recording region 
provided on the land and the groove, and an 
identification mark recording region provided on 
only one of the land and the groove and recorded 
5 with a data block identification mark, comprising an 
identification mark detecting section detecting the 
data block identification mark from a land or a 
groove having no identification mark recording 
region, based on a crosstalk signal from a data 

10 block identification mark of an adjacent groove or 
land, a first detector detecting data recorded on 
the data recording region, and a second detector 
detecting the data block identification mark. 
According to the optical storage unit of the present 

15 invention, it is possible to prevent erroneous 

detection of the data block identification mark, 
because the data block identification mark is 
recorded on only one of the land and the groove. In 
addition, it is possible to separate the detecting 

20 systems which detect the data and the data block 
Identification mark. 

Another object of the present invention is 
to provide an optical storage unit usable with an 
optical recording medium which has a track groove 

25 and pits with the same depth, and the track groove 
has a predetermined depth suited for data 
reproduction, comprising a photodetector detecting a 
returning light which is reflected from the optical 
recording medium and is split into at least two in a 

30 direction of the track on the optical recording 
medium, and an ID signal detector obtaining a 
difference signal of output signals of the 
photodetector which detects the light which is split 
into at least two in the direction of the track on 

3 5 the optical recording medium, and output ting the 
difference signal as the ID signal. According to 
the optical storage unit of the present invention. 
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lt is possible to obtain an ID signal having a 
sufficiently large amplitude without sacrificing the 
signal-to-nolse (S/N) ratio of the reproduced data 
signal, even in a case where the depth of embossed 
5 pits is small. 

Still another object of the present 
Invention Is to provide an optical storage unit for 
optically reading from an optical recording medium 
an ID signal which indicates a position on the 

10 optical recording medium by embossed pits, 

comprising a photodetector , having detector parts 
divided into at least two in a direction 
corresponding to a track on the optical recording 
medium, detecting returning light beam which is 

15 reflected from the optical recording medium, and an 
ID signal detector detecting a difference signal in 
the direction of the track based on output signals 
of the detector parts of the photodetector, and 
outputting the difference signal as a detected ID 

20 signal. According to the optical storage unit of 
the present invention, it is possible to obtain an 
ID signal having a sufficiently large amplitude 
without sacrificing the signal-to-noise (S/N) ratio 
of the reproduced data signal, even in a case where 

2 5 the depth of embossed pits is small. 

Other objects and further features of the 
present Invention will be apparent from the 
following detailed description when read in 
conjunction with the accompanying drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for explaining a 
sector mark arrangement on a conventional magneto - 
optical disk employing a land recording; 
35 FIG. 2 is a diagram for explaining a 

sector mark arrangement on a conventional magneto - 
optical disk employing a land-groove recording; 
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FIG. 3 is a diagram showing a sector mark 
arrangement of a conventional magneto-optical disk 
employing a staggered- ID land-groove recording; 
FIG. 4 is a diagram showing the 
5 construction of an optical system of a conventional 
magneto-optical disk unit; 

FIGS. 5A through 5C are diagrams for 
explaining a positional relationship of land, groove, 
beam and detectors ; 
10 FIG. 6 is a system block diagram showing a 

conventional sector mark detection circuit; 

FIGS. 7A and 7B are diagrams for 
explaining signal waveforms at various parts of the 
conventional sector mark detection circuit; 
15 FIG. 8 is a diagram showing a sector mark 

arrangement of a first embodiment of an optical 
recording medium applied to a magneto-optical disk; 

FIGS. 9A through 9D are diagrams showing a 
magneto-optical disk having the sector marks of the 
20 first embodiment of the optical recording medium 
arranged in grooves; 

FIGS. lOA and lOB respectively are a 
perspective view and a plan view showing a second 
embodiment of the optical recording medium according 
25 to the present invention; 

FIGS, llA through IIC are diagrams showing 
a third embodiment of the optical recording medium 
according to the present invention; 

FIG. 12 is a diagram showing the 
30 relationship of height or depth of the sector marks 
and modulation factor of reproduced sector mark 
signals ; 

FIG. 13 is a diagram showing the 
construction of an optical system of a second 
35 embodiment of an optical storage unit according to 
the present invention; 

FIG. 14 is a diagram for explaining a 
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positional relationship of sector marks, beam and 
photodetectors ; 

FIG. 15 is a system block diagram showing 
a sector mark detection circuit of the second 
5 embodiment of the optical storage unit; 

FIGS. 16A and 16B are diagrams for 
explaining detected waveforms of the sector marks; 

FIGS. 17A and 17B are diagrams for 
explaining a positional error of the sector marks; 
10 FIG. 18 is a system block diagram showing 

a sector mark detection circuit of a third 
embodiment of the optical storage unit according to 
the present invention; 

FIG. 19 is a system block diagram showing 
15 a sector mark detection circuit of a fourth 

embodiment of the optical storage unit according to 
the present invention; 

FIG. 20 is a system block diagram showing 
a sector mark detection circuit of a fifth 
20 embodiment of the optical storage unit according to 
the present invention; 

FIG. 21 is a diagram showing the sector 
marks for a case where a sector mark width is equal 
to a groove width; 
25 FIG- 22 is a diagram showing the sector 

marks for a case where the sector mark width is 
greater than the groove width; 

FIGS. 23A and 23B are diagrams for 
explaining detected waveforms of the sector marks; 
30 FIG. 24 is a diagram showing the internal 

construction of a sixth embodiment of the optical 
storage unit according to the present invention; 

FIG. 25 is a diagram showing an important 
part of an optical system of the sixth embodiment of 
35 the optical storage unit; 

FIG- 2 6 is a perspective view showing a 
part of an optical system following a first 
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polarizatlon beam splitter; 

FIGS. 21 A through 27C are diagrams for 
explaining beam spots on photodetectors ; 

FIG. 28 Is a diagram showing a 
5 relationship of an ID signal obtained from a sum 
total signal and a depth of embossed pits; 

FIG, 29 is a perspective view showing an 
important part of an optical system of a seventh 
embodiment of the optical storage unit according to 
10 the present Invention; 

FIGS. 30A through 30C are diagrams for 
explaining beam spots on photodetectors; 

FIGS. 31A through 31C are diagrams for 
explaining a relationship of ID signals on the 
15 magneto-optical disk and waveforms of detected ID 
signals ; 

FIG. 32 is a diagram showing a 
relationship of the ID signal obtained from a sum 
total signal, an ID signal obtained from a TPP 
20 signal, and the depth of the embossed pits; 

FIG. 33 is a system block diagram showing 
an embodiment of a detection system of the seventh 
embodiment of the optical storage unit; 

FIG. 34 is a perspective view showing an 
2 5 important part of an eighth embodiment of the 
optical storage unit according to the present 
Invention; 

FIGS. 35A through 35C are diagrams for 
explaining beam spots on photodetectors; 
30 FIG. 36 is a perspective view showing an 

important part of an optical system of a ninth 
embodiment of the optical storage unit according to 
the present invention; 

FIGS. 37A and 37B are diagrams for 
35 explaining beam spots on photodetectors; 

FIG. 38 is a perspective view showing an 
Important part of an optical system of a tenth 



-15- 



embodiment of the optical storage unit according to 
the present invention; 

FIG. 39 is a diagram for explaining beam 
spots on a photodetector ; 
5 FIG. 40 is a perspective view showing an 

important part of an optical system of an eleventh 
embodiment of the optical storage unit according to 
the present Invention; 

FIG. 41 is a diagram for explaining beam 
10 spots on a photodetector; 

FIG. 42 is a system block diagram showing 
an embodiment of a detection system of the eleventh 
embodiment of the optical storage unit; 

FIG. 43 is a perspective view showing an 
15 important part of an optical system of a twelfth 

embodiment of the optical storage unit according to 
the present invention; 

FIG. 44 is a diagram for explaining beam 
spots on a photodetector; 
20 FIG. 45 is a diagram for explaining a 

relationship of an ID signal amplitude and the depth 
of the embossed pits; and 

FIG. 46 is a diagram for explaining 
switching of ID signals. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will be given of various 
embodiments of an optical recording medium according 
to the present invention, a method of detecting data 

30 block identification mark according to the present 
invention, and an optical storage unit according to 
the present invention, by referring to FIG. 8 and 
the subsequent drawings. 

First, a description will be given of a 

35 first embodiment of the optical recording medium 

according to the present invention. In this first 
embodiment of the optical recording medium, the 
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present invention is applied to a magneto-optical 
disk. 

FIG. 8 is a diagram showing a sector mark 
arrangement of the first embodiment of the optical 
5 recording medium applied to the magneto-optical disk. 
Sector marks 802 which indicate beginnings of 
corresponding sectors are recorded on a magneto - 
optical disk 801 in a manner shown in FIG. 8, as 
data block identification marks. This magneto- 

10 optical disk 801 is recorded by the zone constant 
angular velocity (ZCAV) system. In this case, the 
number of sectors per revolution of the magneto- 
optical disk 801 decreases from the outer peripheral 
zone towards the inner peripheral zone. 

15 FIGS. 9A through 9D are diagrams showing 

the magneto-optical disk having the sector marks of 
the first embodiment of the optical recording medium 
arranged in grooves. FIG. 9A shows a perspective 
view, FIG. 9B shows a plan view, FIG. 9C shows a 

20 plan view of an ID part formed by embossed pits, and 
FIG, 9D shows a plan view of an ID part recorded by 
magneto-optical recording. 

In this embodiment, a groove pitch on the 
magneto-optical disk is 1.2 (im. that is, a track 

25 pitch is 0.6 Mm. A substrate forming the base of 

the magneto-optical disk is made of a material such 
as glass and polycarbonate. Lands 901 and grooves 
902 are alternately arranged in the radial direction 
of the magneto-optical disk. A sector mark 903 is 

30 formed on a grooveless part of the groove 902. This 
grooveless part of the groove 902 is essentially a 
projecting part having approximately the same height 
as the land 901. The sector mark 903 is used in 
common between tracks of the land 901 and the groove 

3 5 902. As shown in FIG. 9B, the quantity of the 

returning light to the photodetector changes at a 
part 905 indicated by the hatching for the groove 
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902, and at a part 906 indicated by the hatching for 
the land 901, thereby making it possible to detect 
the sector mark 903 from such changes. 

In an ID part other than the sector mark 
5 903, an ID signal 907 may be recorded in the form of 
embossed pits as shown in FIG. 9C. In addition, it 
is possible to record an ID signal 908 by magneto- 
optical recording or phase change recording, as 
shown in FIG. 9D. 

10 Next, a description will be given of a 

second embodiment of the optical recording medium 
according to the present invention. FIGS. lOA and 
lOB respectively are a perspective view and a plan 
view showing the second embodiment of the optical 

15 recording medium. In this embodiment of the optical 
recording medium, the groove 902 has no grooveless 
part, but the land 901 has a cavity part with 
approximately the same depth as the groove 902. A 
sector mark 1001 is recorded In the cavity part of 

20 the land 901. Similarly as in the case of the first 
embodiment of the optical recording medium, this 
sector mark 1001 is used in common between the 
tracks of the land 901 and the groove 902. 

Next, a description will be given of a 

2 5 third embodiment of the optical recording medium 
according to the present invention. FIGS. IIA 
through IIC are diagrams showing the third 
embodiment of the optical recording medium. This 
third embodiment of the optical recording medium 

30 employs the staggered ID system which records the ID 
signal in a staggered arrangement along the 
tangential direction of the magneto-optical disk. 

FIG. IIA shows a part of the magneto- 
optical disk within a zone other than a zone 

35 boundary. In this zone, the lands 901 and the 

grooves 902 are alternately arranged in the radial 
direction of the magneto-optical disk. In addition. 
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a sector mark 1102 is recorded on a grooveless part, 
that is, a projecting part, of the groove 902, 
having approximately the same height as the land 901. 
This sector mark 1102 is used in common between the 
5 tracks of the land 901 and the groove 902. Further, 
a groove ID signal 1103 is arranged immediately 
after the sector mark 1102 along the tangential 
direction of the magneto-optical disk, and a land ID 
signal 1104 is arranged immediately after the groove 
10 ID signal 1103 along the tangential 

(circumferential) direction of the magneto-optical 
disk, 

FIG. IIB shows a zone boundary part. In a 
zone boundary part between zones 1 and 2 shown in 

15 FIG. IIB, a sector mark 1105 and a sector mark 1106 
are arranged at staggered positions along the 
tangential direction of the magneto-optical disk. 
Since the sector mark is detected from crosstalk in 
this case, when the sector mark 1105 is detected at 

20 a last land track L(N) of the zone 1, the sector 

mark 1106 of a first groove track G(l) of the zone 2 
is erroneously detected. 

In order to avoid this erroneous sector 
mark detection, this embodiment of the optical 

2 5 recording medium employs the sector mark arrangement 
shown in FIG. IIC having buffer tracks Bl and B2 at 
the zone boundary part. The buffer tracks Bl and B2 
do not have embossed pits for recording the sector 
marks or the ID information. The buffer tracks Bl 

30 and B2 do not have embossed pits, because the pits 
of the adjacent zones would mutually interfere, and 
it is desirable to avoid such mutual interference of 
the pits between the zones. In this case, tracks 
which are used to actually record data, may satisfy 

35 either one of the following cases [1] and [2]. 

Case [1]: Use a groove track G(N) as a last 
groove track in the zone 1, and use a land track 
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L(N-l) as a last land track in the zone 1. 

Case [2]: Use a groove track G(N-l) as a last 
groove track in the zone 1, and use a land track 
L(N-l) as a last land track In the zone 1. 
5 The case [1] enables effective use of the 

tracks. In the case [1], both the zones 1 and 2 
will start from a groove track and end by a groove 
track, and the number of land tracks and the number 
of groove tracks within the same zone are different. 

10 On the other hand, the case [2] enables the number 
of land tracks and the number of groove tracks 
within the same zone to match. Accordingly, it is 
possible to record the data according to either one 
of the cases [1] and [2] to suit the requirements of 

15 the magneto-optical disk. 

Next, a description will be given of a 
fourth embodiment of the optical recording medium 
according to the present invention. FIG. 12 is a 
diagram showing the relationship of height or depth 

20 of the sector marks and modulation factor of 
reproduced sector mark signals. 

As shown in FIG. 12, as the height of the 
grooveless part (projecting part) of the groove and 
the depth of the cavity part of the land become 

2 5 larger, the modulation factor of the reproduced 

sector mark signals becomes larger. On the other 
hand, in the region in which the magneto -optic 
signal is recorded, the carrier-to-noise ratio (CNR) 
deteriorates as the groove depth becomes larger. 

30 Particularly in the case of a magnetic super 
resolution (MSR) which requires a reproducing 
magnetic field, it is necessary to increase the 
reproducing magnetic field of the groove. For 
example, in a magneto-optical disk employing the 

35 land-groove recording with a track pitch of 0.6 fim 
and a shortest mark of 2T signal of approximately 
0.30 p.m, it is desirable that the groove depth 
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( pitch depth) of the sector mark and the ID part is 
approximately 55 nm, and the groove depth of the 
data recording part is approximately 45 nm. 

A description will now be given of the 
5 various embodiments of the optical storage unit 
according to the present invention. 

First, a description will be given of a 
first embodiment of the optical storage unit 
according to the present invention. In this first 

10 embodiment of the optical storage unit, the present 
invention is applied to an optical disk unit which 
uses the conventional optical system shown in FIG. 4, 
and detects the sector mark using the sum signal 
(a+b) from the 2-part photodetector 409 of the 

15 conventional sector mark detection circuit shown in 
FIG. 6. 

Next, a description will be given of a 
second embodiment of the optical storage unit 
according to the present invention. FIG. 13 is a 

20 diagram showing the construction of an optical 
system of the second embodiment of the optical 
storage unit. In this second embodiment of the 
optical storage unit, the present invention is 
applied to an optical disk unit. In FIG. 13, those 

2 5 parts which are the same as those corresponding 

parts in FIG. 4 are designated by the same reference 
numerals, and a description thereof will be omitted. 

The optical system shown in FIG. 13 is 
provided with a new optical system in addition to 

30 the structure shown in FIG. 4, by additionally 

providing a beam splitter 1301, a condenser lens 
1302, and a photodetector 1303, The beam splitter 
1301 is provided in a returning optical path of the 
returning light component which corresponds to the 

35 magneto-optical signal and is separated by the 
second beam splitter 406. The returning light 
component reflected by the beam splitter 1301 is 
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converged on the photodetector 1303 via the 
condenser lens 1302. 

It Is not essential that the photodetector 
1303 is made up of divided detector parts, but it Is 
5 desirable that the photodetector 1303 is made up of 
two or more detector parts. Hence, in this 
embodiment, one of a 2-part photodetector 1303A, a 
2-part photodetector 1303B and a 4-part 
photodetector 1303C shown in FIG. 13 is used as the 

10 photodetector 1303. The 2-part photodetector 1303A 
is divided in the tangential direction of the 
optical disk, and is made up of detector parts c and 
d. The 2-part photodetector 1303B is divided in the 
radial direction of the optical disk, and is made up 

15 of detector parts e and f. The 4-part photodetector 
1303C is divided in both the tangential direction 
and the radial direction of the optical disk, and is 
made up of detector parts g, h, i and 3. 

FIG. 14 is a diagram for explaining a 

20 positional relationship of the sector marks, the 
beam and the photodetectors . In FIG. 14, those 
photodetectors which are the same as those 
corresponding photodetectors in FIG. 13 are 
designated by the same reference numerals, and a 

25 description thereof will be omitted. 

A description will now be given of a case 
where the optical disk unit uses the 2-part 
photodetector 1303A as the photodetector 1303 in FIG. 
13. 

30 FIG. 15 is a system block diagram showing 

a sector mark detection circuit of the second 
embodiment of the optical storage unit, for the case 
where the 2-part photodetector 1303A is used. In 
FIG. 15, those parts which are the same as those 

35 corresponding parts in FIG. 6 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 
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The sector mark detection circuit shown in 
FIG. 15 differs from that shown in FIG. 6 in that 
the I/V converters 601 and 602 convert output 
currents from the detector parts c and d of the 2- 
5 part photodetector 1303A, and a subtracter 1501 

generates a difference signal (c-d) 1502 from output 
voltages of the I/V converters 601 and 602. In 
other words, the subtracter 1501 is provided in 
place of the adder 603, a first order 

10 differentiating circuit 1503 is provided in place of 
the second order differentiating circuit 605, and 
the first order differentiating circuit 604 is 
omitted. Hence, the difference signal (c-d) 1502 
from the subtracter 1501 is input to the comparators 

15 606 and 607. In addition, this difference signal 
(c-d) 1502 is also input to the first order 
differentiating circuit 1503, and a first order 
differentiated signal 623 from the first order 
differentiating circuit 1503 is input to the 

20 comparator 608. 

FIGS. 16A and 16B are diagrams for 
explaining detected waveforms of the sector marks, 
by comparing the sum signal 621 and the first order 
differentiated signal 622 of the sector mark 

25 detection circuit shown in FIG. 6 and the difference 
signal (c-d) 1502 of the sector mark detection 
circuit shown in FIG. 15. FIG. 16A shows the 
waveforms of the sum signal 621, the first order 
differentiated signal 622 and the difference signal 

30 1502 for the groove, and FIG. 16B shows the 

waveforms of the sum signal 621, the first order 
differentiated signal 622 and the difference signal 
1502 for the land. 

As may be seen from FIGS. 16A and 16B, the 

35 waveform of the first order differentiated signal 
622 of the sector mark detection circuit shown in 
FIG. 6 is equivalent to the waveform of the 
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difference signal 1502 of the sector mark detection 
circuit shown in FIG. 15. Accordingly, the circuit 
part shown in FIG. 15 from the comparators 606, 607, 
608 up to the flip-flop circuit 611 operates 
5 similarly to the corresponding circuit part shown in 
FIG. 6, so as to detect the sector mark. Thus, in 
this embodiment of the optical storage unit, it is 
possible to reduce the number of differentiating 
circuits by one as compared to the sector mark 

10 detection circuit shown in FIG. 6. 

Next, a description will be given of a 
third embodiment of the optical storage unit 
according to the present invention. This embodiment 
of the optical storage unit is applied to the 

15 optical disk unit shown in FIG. 13 which uses the 2- 
part photodetector 1303B as the photodetector 1303. 

This embodiment of the optical storage 
unit is particularly suited for application to the 
optical disk unit which uses an optical disk on 

20 which the recorded sector marks include positional 
errors introduced during the process of producing 
the optical disk. First, a description will be 
given of the positional error of the sector marks. 
FIGS. 17A and 17B are diagrams for explaining the 

2 5 positional error of the sector marks, and show a 

case where the positional error of the sector marks 
is caused by fluctuations in the rotational speed of 
a spindle of a cutting machine which cuts the 
grooves of the optical disk. FIG. 17A shows the 
30 sector mark arrangement at the starting part of one 
revolution of the optical disk, and FIG. 17B shows 
the sector mark arrangement at the ending part of 
one revolution of the optical disk. 

Even if sector marks 1701 at the starting 

3 5 part of one revolution of the optical disk are 

aligned as shown in FIG. 17A, sector marks 1702 at 
the ending part of one revolution of the optical 
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disk become deviated and non-aligned as shown in FIG. 
17B. FIG. 14 described above shows the relationship 
of the sector marks and the beam when the adjacent 
sector marks are deviated and non-aligned, as in the 
5 ending part shown in FIG. 17B. A sector mark 

deviation 1401 shown in FIG. 14 indicates such non- 
alignment of the adjacent sector marks. As shown in 
FIG. 14, when scanning the land, the sector mark is 
read by reading crosstalk signals from the grooves 

10 on both sides of this land. For this reason, a 

Jitter is introduced in the land sector mark signal 
if the positions of the sector marks in the grooves 
on both sides of the land are deviated in the 
tangential direction of the optical disk. 

15 Accordingly, this embodiment of the optical storage 
unit uses the 2 -part photodetector 1303B which is 
divided in the radial direction of the optical disk 
into the two detector parts e and f. The output of 
one of the detector parts e and f of the 2 -part 

20 photodetector 1303B is used to detect the sector 
mark . 

explaining a positional error of the sector marks; 

FIG. 18 is a system block diagram showing 
a sector mark detection circuit of the third 

25 embodiment of the optical storage unit. In FIG. 18, 
those parts which are the same as those 
corresponding parts in FIG. 6 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 

30 In FIG. 18, a comparator 1801 is used in 

place of the adder 603 shown in FIG. 6. This 
comparator 1801 compares the output voltages of the 
I/V converters 601 and 602, and selectively outputs 
one of the compared voltages having the larger 

35 amplitude. As a result, the output of one of the 
detector parts e and f of the 2 -part photodetector 
1303B, having the larger amplitude, is used for the 
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sector mark detection, so as to avoid undesirable 
effects of the jitter caused by the positional 
deviation of the sector marks in the grooves on both 
sides of the land which is being scanned for the 
5 sector mark. The selectively output signal of the 
comparator 1801 is equivalent to the sum signal 
described above. Thus, the circuit part from the 
first order differentiating circuit 604, the second 
order differentiating circuit 605 up to the flip- 

10 flop circuit 611 operates similarly to the 

corresponding circuit part shown in FIG. 6, so as to 
detect the sector mark. 

If the output of the detector part e is to 
be selected and used when detecting the sector mark 

15 of the land, the objective lens 404 may be shifted 
in the radial direction of the optical disk to 
select the detector part e. Similarly, if the 
output of the detector part f is to be selected and 
used when detecting the sector mark of the land, the 

20 objective lens 404 may be shifted in the radial 

direction of the optical disk to select the detector 
part f . 

Further, since the quantity of light 
(hereinafter referred to as the light quantity) 

25 decreases when the output of only one of the 

detector parts e and f of the 2-part photodetector 
1303B is used, as compared to the case where the sum 
signal of the outputs of the 2-part photodetector is 
used, it is possible in this case to increase the 

30 light quantity of the laser beam emitted from the 
semiconductor laser 401. 

In addition, when the optical disk is 
inserted into the optical disk unit, it is possible 
to test-read the optical disk and optimize the 

35 system by increasing the light quantity of the laser 
beam emitted from the semiconductor laser 401 and/or 
shifting the objective lens 404. 
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Next, a description will be given of a 
fourth embodiment of the optical storage unit 
according to the present invention. In this 
embodiment of the optical storage unit, the 4 -part 
5 photodetector 1303C is used as the photodetector 
1303 shown in FIG. 13. 

FIG. 19 is a system block diagram showing 
a sector mark detection circuit of the fourth 
embodiment of the optical storage unit. In FIG. 19, 
10 those parts which are the same as those 

corresponding parts in FIG. 6 are designated by the 
same reference numerals, and a description thereof 
will be omitted. 

The sector mark detection circuit shown in 
15 FIG. 19 is provided with four current-to-voltage 
(I/V) converters 1904, 1903, 1901 and 1902 for 
respectively converting the output currents of the 
four detector parts g, h, i and j of the 4 -part 
photodetector 1303C into corresponding voltages, a 
20 matrix circuit 1930, a comparator 1912, first order 
differentiating circuits 604 and 1913, and switches 
1914 and 1915. 

The matrix circuit 1930 includes adders 

1905 through 1909, a subtracter 1910, and a 

2 5 comparator 1911 which are connected as shown. The 
adder 1905 adds the output voltages of the I/V 
converters 1901 and 1902 corresponding to the 
outputs of the detector parts i and J , and the adder 

1906 adds the output voltages of the I/V converters 
30 1901 and 1904 corresponding to the outputs of the 

detector parts i and g. The adder 1907 adds the 
output voltages of the I/V converters 1902 and 1903 
corresponding to the outputs of the detector parts j 
and h, and the adder 1908 adds the output voltages 
35 of the I/V converters 1903 and 1904 corresponding to 
the outputs of the detector parts h and g. The 
adder 1909 adds the outputs of the adders 1905 and 
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1908, so as to output an added signal corresponding 
to the outputs of the detector parts i, j, g and h. 
The subtracter 1910 subtracts the output of the 
adder 1907 from the output of the adder 1906, so as 
5 to output a difference signal corresponding to a 
difference between a sum of the outputs of the 
detector parts 1 and g and a sum of the outputs of 
the detector parts 3 and h. The comparator 1911 
compares the outputs of the adders 1905 and 1908, 

10 and outputs the larger one of the outputs. 

The comparator 1912 outputs the output 
signal of the subtracter 1910 to an output terminal 
1920. In addition, the comparator 1912 compares the 
output signals of the adder 1909 and the comparator 

15 1911, and outputs the larger output signal to an 

output terminal 1921. Furthermore, the comparator 
1912 compares the signals at the output terminals 
1920 and 1921, and outputs to an output terminal 
1922 a signal which indicates the larger one of the 

20 signals at the output terminals 1920 and 1921. 

If the comparator 1912 Judges that the 
signal at the output terminal 1920 is larger than 
the signal at the output terminal 1921, the switches 
1914 and 1915 are controlled by the signal from the 

25 output terminal 1922, so as to output the signals 
input to terminals A thereof. As a result, the 
circuit structure becomes basically the same as that 
of the sector mark detection circuit shown in FIG. 
15 for the case where the 2-part photodetector 1303A 

30 is used in FIG. 13. 

If the comparator 1912 Judges that the 
signal at the output terminal 1921 is larger than 
the signal at the output terminal 1920, the switches 
1914 and 1915 are controlled by the signal from the 

35 output terminal 1922, so as to output the signals 
input to terminals B thereof. Furthermore, if the 
comparator 1912 Judges that the output signal of the 
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comparator 1911 is larger than the output signal of 
the adder 1909, the comparator 1912 outputs the 
output signal of the comparator 1911. In this case, 
the circuit structure becomes basically the same as 
5 that of the sector mark detection circuit shown in 
FIG. 18 for the case where the 2 -part photodetector 
1303B is used in FIG. 13. On the other hand, if the 
comparator 1912 judges that the output signal of the 
adder 1909 is larger than the output signal of the 

10 comparator 1911, the comparator 1912 outputs the 

output signal of the adder 1909. In this case, the 
circuit structure becomes basically the same as that 
of the sector mark detection circuit shown in FIG. 6 
for the case where the optical system shown in FIG. 

15 4 and the sum signal (a+b) of the 2 -part 

photodetector 409 are used as described above in the 
first embodiment of the optical storage unit. 

According to this fourth embodiment of the 
optical storage unit, it is possible to detect the 

20 sector marks by switching and selecting one of three 
detection methods depending on the state of the 
signals reproduced from the optical disk. 

Next, a description will be given of a 
fifth embodiment of the optical storage unit 

25 according to the present invention. This fifth 

embodiment of the optical storage unit detects the 
sector marks by using the 4-part photodetector 412 
shown in FIG. 4 for generating the focus error 
signal (FES) and the tracking error signal (TES) . 

30 FIG. 20 is a system block diagram showing 

a sector mark detection circuit of the fifth 
embodiment of the optical storage unit. In FIG. 20, 
those parts which are the same as those 
corresponding parts in FIG. 19 are designated by the 

3 5 same reference numerals, and a description thereof 
will be omitted. 

The sector mark detection circuit shown in 
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FIG. 20 includes is provided with four current-to- 
voltage (I/V) converters 1901, 1902, 1903 and 1904 
for respectively converting the output currents of 
the four detector parts p, q, r and s of the 4-part 
5 photodetector 414 into corresponding voltages, a 
broadband signal processor 2010, and a narrowband 
signal processor 2011. The broadband signal 
processor 2011 has the same construction as the 
sector mark detection circuit shown in FIG. 19. The 
10 narrowband signal processor 2011 includes adders 

2001 and 2002, and subtracters 2003 and 2004. 

In the narrowband signal processor 2011, 
the adder 2001 adds the output voltages of the I/V 
converters 1901 and 1903, so as to generate a signal 

15 corresponding to a sum of the outputs of the 

detector parts p and s. The adder 2002 adds the 
output voltages of the I/V converters 1902 and 1904, 
so as to generate a signal corresponding to a sum of 
the outputs of the detector parts q and r. The 

20 subtracter 2003 subtracts the output of the adder 

2002 from the output of the adder 2001, so as to 
generate the focus error signal (FES). On the other 
hand, the subtracter 2004 subtracts the output of 
the adder 1908 from the output of the adder 1905, so 

25 as to generate the tracking error signal (TES) . 

Hence, the focus error signal (FES) and the tracking 
error signal (TES) are generated based on the 
outputs of the 4-part photodetector 414. 

On the other hand, the broadband signal 

30 processor 2010 detects the sector marks by carrying 
out the same operations as the sector mark detection 
circuit shown in FIG. 19 described above. 

According to this fifth embodiment of the 
optical storage unit, it is possible to detect the 

35 sector marks using the outputs of the 4-part 
photodetector 414 which is originally used to 
generate the servo signals such as the focus error 
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slgnal (FES) and the tracking error signal (TES) . 
Accordingly, the construction of the optical system 
becomes simple since there is not need to provide a 
photodetector exclusively for detecting the sector 
5 marks . 

Next, a description will be given of a 
fifth embodiment of the optical recording medium 
according to the present invention. In this 
embodiment of the optical recording medium, the 
10 width of the sector mark formed on the optical disk 
is the same as the groove width or, is larger than 
the groove width. 

FIG. 21 is a diagram showing the sector 
marks for a case where a sector mark width is equal 
15 to a groove width. In FIG. 21, the width of a 

sector mark 2102 is equal to the width of a groove 
2101. 

On the other hand, FIG. 2 2 is a diagram 
showing the sector marks for a case where the sector 

20 mark width is greater than the groove width. In FIG. 
22, the width of the sector mark 2102 is greater 
than the width of the groove 2101. 

FIGS. 23A and 23B are diagrams for 
explaining detected waveforms of the sector marks. 

25 FIG. 23A shows the waveforms of the sector marks 
detected from the optical disk having the 
arrangement shown in FIG. 21 by use of the sector 
mark detection circuit shown in FIG. 19. FIG. 23B 
shows the waveforms of the sector marks detected 

30 from the optical disk having the arrangement shown 
in FIG. 22 by use of the sector mark detection 
circuit shown in FIG. 19. 

FIG. 23A shows the sum signal waveform (1) 
output from the adder 1909 shown in FIG. 19, the 

35 first order differentiated signal waveform (2) 

output from the first order differentiating circuit 
604 shown in FIG. 18 when the comparator 1912 
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selects the output of the adder 1909, and the 
difference signal waveform (3) output from the 
subtracter 1910 shown In FIG. 19, for the case where 
the optical disk has the sector mark arrangement 
5 shown in FIG. 21. 

FIG. 23B shows the sum signal waveform (1) 
output from the adder 1909 shown in FIG. 19, the 
first order differentiated signal waveform (2) 
output from the first order differentiating circuit 

10 604 shown in FIG. 18 when the comparator 1912 
selects the output of the adder 1909, and the 
difference signal waveform (3) output from the 
subtracter 1910 shown in FIG. 19, for the case where 
the optical disk has the sector mark arrangement 

15 shown in FIG. 22. 

As may be seen by comparing FIGS. 23A and 
23B, signal amplitudes SIB, S2B and S3B of the 
signal waveforms (1), (2) and (3) shown in FIG. 2 3B 
are all larger than signal amplitudes SIA, S2A and 

20 S3A of the signal waveforms (1), (2) and (3) shown 
in FIG. 23B than in FIG. 23A. That is, larger 
signal amplitudes can be obtained when the sector 
mark arrangement shown in FIG. 2 2 is employed, as 
compared to that shown in FIG. 21. On he other hand, 

25 waveform distortions 3001 and 3002 appear in the 
signal waveforms (1) and (2) shown in FIG. 23B. 

In this embodiment of the optical 
recording medium, the track pitch is 0.6 fim and the 
groove depth is 55 nm, for example. However, it is 

30 possible to optimize the track pitch, the groove 
depth, the groove width, the sector width and the 
like, so that the signal amplitude of the detected 
sector marks becomes large and the distortion in the 
waveform is suppressed. 

3 5 In the description given heretofore, 

attention was drawn particularly on the sector marks 
in the ID part of the optical disk. Next, a 
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descriptlon will be given of optimum methods of 
detecting the ID signal which indicate the position 
on the optical disk. 

FIG. 24 is a diagram showing the internal 
5 construction of a sixth embodiment of the optical 

storage unit according to the present invention. In 
addition, FIG. 25 is a diagram showing an important 
part of an optical system of the sixth embodiment of 
the optical storage unit. In this embodiment of the 

10 optical storage unit, the present invention is 
applied to a magneto-optical disk. 

In FIG. 24, a magneto-optical disk 1 is 
mounted on a spindle motor 3 in a state accommodated 
within a cartridge 2. A diffuse light emitted from 

15 a semiconductor laser 4 is converted into parallel 
light by a collimator lens 5. The parallel light 
from the collimator lens 5 is transmitted through a 
first polarization beam splitter 6 and is reflected 
by a mirror 7 which is omitted in FIG. 24 but shown 

20 in FIG. 25. The reflected light from the mirror 7 
is converged on the magneto-optical disk 1 via an 
objective lens 8, from the back side of the paper in 
FIG. 24. In this state, a known magnetic field 
generator (not shown) applies a magnetic field on 

25 the magneto-optical disk 1 from the front side of 

the paper in FIG. 24, so as to form recording marks 
on the magneto-optical disk 1. The reflected light 
from the magneto-optical disk 1 then passes through 
the objective lens 8 and the mirror 7, and is 

30 reflected by the first polarization beam splitter 6 
towards a second polarization beam splitter 9. 

Next, a description will be given of a 
method of detecting the magneto-optical signal, the 
ID signal and the servo signals, by referring to 

35 FIGS. 26 and 27. The servo signals refer to the 
tracking error signal (TES) and the focus error 
signal (FES). FIG. 26 is a perspective view showing 
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a part of an optical system for the returning light 
beam reflected from the magneto-optical disk 1 
following the first polarization beam splitter 6 in 
the optical disk unit shown in FIGS. 24 and 25. In 
5 addition, FIGS. 27A through 27C are diagrams for 
explaining beam spots on photodetectors . 

In FIG. 26, the returning light beam 
reflected from the magneto-optical disk 1 is 
reflected by the first polarization beam splitter 6, 

10 and is supplied to the second polarization beam 

splitter 9 which splits the light in terms of the 
light quantity. The light transmitted through the 
second polarization beam splitter 9 is supplied to a 
third polarization beam splitter 11 via a lens 10. 

15 The light transmitted through the third polarization 
beam splitter 11 is split into two light beams in a 
direction corresponding to the tangential 
(circumferential) direction of the magneto-optical 
disk 1 (hereinafter simply referred to as the 

20 tangential direction of the magneto-optical disk 1) 
by a Foucault unit 12, and then converged on a 4- 
part photodetector 13. FIG. 27B shows beam spots 
formed on the 4 -part photodetector 13 when viewed in 
a direction Y in FIG. 26. A distance between the 

25 lens 10 and the 4-part photodetector 13 is set so 
that, in a state where the focal point of the 
objective lens 8 correctly matches the recording 
surface of the magneto-optical disk 1, the light 
beams from the Foucault unit 12 respectively 

30 irradiate an intermediate part between detector 

parts 13a and 13b of the 4-part photodetector 13 and 
an intermediate part between detector parts 13c and 
13d of the 4-part photodetector 13. 

If the focal distance of the objective 

35 lens 8 is set near, the light beams from the 

Foucault unit 12 are irradiated on the sides of the 
detector parts 13a and 13d. On the other hand, the 
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llght beams from the Foucault unit 12 are irradiated 
on the sides of the detector parts 13b and 13c if 
the focal distance of the objective lens 8 is set 
far. Accordingly, a signal ( 13a+13d) - ( 13b+13c ) 
5 derived from the outputs of the detector parts 13a 
through 13d of the 4 -part photodetector 13 is 
obtained as the focus error signal (FES) and used to 
control the position of the objective lens 8 by a 
known method so that the focus error signal (FES) 

10 becomes zero. 

In the following description, the same 
reference numerals are used to designate the outputs 
of the corresponding detector parts of multiple-part 
photodetectors . 

15 The light reflected by the third 

polarization beam splitter 11 is irradiated on a 2- 
part photodetector 14. FIG. 27C shows a beam spot 
formed on the 2 -part photodetector 14 when viewed in 
a direction Z in FIG. 26. A difference between the 

20 light quantities of -1st order diffracted light and 
-Hist order diffracted light from the groove on the 
magneto-optical disk 1, that is, a signal (14a- 14b) 
derived from the outputs of detector parts 14a and 
14b of the 2-part photodetector 14 is obtained as 

2 5 the tracking error signal (TES). 

On the other hand, the light reflected by 
the second polarization beam splitter 9 is supplied 
to a Wollaston prism 17 and a lens 15. The 
Wollaston prism 17 and the lens 14 are adhered on 

30 the second polarization beam splitter 9. The light 
beam is split into a P-polarized light component and 
an S-polarized light component as the light exits 
the Wollaston prism 17. The P-polarized light 
component and the S-polarized light component 

35 separate in directions indicated by arrow in FIG. 26, 
and are irradiated on a 2-part photodetector 16. 
FIG. 27A shows beam spots formed on the 2-part 
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photodetector 16 when viewed in a direction X in FIG. 
26. A signal {16a-16b) derived from outputs of 
detector parts 16a and 16b of the 2-part 
photodetector 16 is obtained as the magneto-optical 
5 signal (MO), and a signal (16a+16b) derived from the 
outputs of the detector parts 16a and 16b of the 2- 
part photodetector 16 is obtained as the ID signal. 
In other words, the ID signal is detected as a sum 
total of the light quantities received by the 2-part 

10 photodetector 16. When reproducing the ID signal 
which is formed by embossed pits on the magneto- 
optical disk 1 in this manner, a change in the 
reflectivity at the embossed pits. For this reason, 
the ID signal corresponds to the change in the 

15 quantity of the returning light, and is obtained as 
the sum total signal regardless of the number of 
detector parts forming the multiple-part 
photodetector which is used to detect the ID signal. 
FIG. 28 is a diagram showing a 

20 relationship of an ID signal which is obtained from 
a sum total signal as described above, and a depth 
of embossed pits. In FIG. 28, a shaded triangular 
mark indicates a land recording characteristic of a 
640 MB magneto-optical disk which employs the land 

2 5 recording, and black circular marks and shaded 
rectangular marks respectively indicate a land 
recording characteristic and a groove recording 
characteristic of an over- 2GB magneto-optical disk 
employing the land- groove recording. In the case of 

30 the land recording, the ID signal which is obtained 
from the sum total signal has a sufficiently large 
amplitude. On the other hand, in the case of the 
land-groove recording, the data are also recorded on 
the grooves, and thus, the groove depth is made 

35 smaller so as to improve the signal-to-noise (S/N) 
ratio of the magneto-optical signal. For this 
reason, the depth of the embossed pits also becomes 
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smaller in the case of the land-groove recording, 
thereby decreasing the amplitude of the ID signal 
which is obtained from the sum total signal. Hence, 
in the case of the land- groove recording, the S/N 
5 ratio of the magneto-optical signal and the 

amplitude of the ID signal which is obtained from 
the sum total signal are in a trade-off relationship. 
In other words, in the case of the land- groove 
recording, the S/N ratio of the magneto-optical 

10 signal improves if the groove depth is made smaller, 
but the amplitude of the ID signal which is obtained 
from the sum total signal becomes larger if the 
groove depth is made larger. 

In the case of a phase change type optical 

15 disk, the phase change signal and the ID signal are 
both detected based on the difference of the 
reflectivities, and the above described problem of 
the trade-off relationship will not occur. 

Next, a description will be given of 

20 embodiments of the present invention which can 

simultaneously improve the S/N ratio of the magneto- 
optical signal and detect the ID signal having a 
sufficiently large amplitude, even in the case of 
the land-groove recording. 

25 In the following embodiments, the ID 

signal is not detected as a sum total signal of the 
light quantities of the embossed pits, but is 
detected as a change in the light quantity at end 
portions of the embossed pits. That is, the 

30 following embodiments detect the ID signal as a 
tangential push-pull ( TPP ) signal. In order to 
obtain this TPP signal, a photodetector for 
detecting the ID signal is made up of at least two 
detector parts which are divided in the tangential 

35 direction of the optical disk, and the ID signal is 
obtained from a difference of the outputs from the 
detector parts of this photodetector. 
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FIG. 29 is a perspective view showing an 
important part of an optical system of a seventh 
embodiment of the optical storage unit according to 
the present invention. In addition, FIGS. 30A 
5 through 30C are diagrams for explaining beam spots 
on photodetectors . In FIG- 29 and FIGS. 30A through 
30C, those parts which are the same as those 
corresponding parts in FIGS. 24 through 26 and FIGS. 
2 7A through 2 7C are designated by the same reference 

10 numerals, and a description thereof will be omitted. 
In each of the following embodiments, the present 
invention is applied to a magneto-optical disk. 

In FIG. 29, the light transmitted through 
the second polarization beam splitter 9 is used for 

15 detecting the servo signals, similarly as in the 

case shown in FIG. 26. On the other hand, the light 
reflected by the second polarization beam splitter 9 
is supplied to a Wollaston prism 18, but directions 
in which the P-polarized light component and the S- 

20 polarized light component are split in the Wollaston 
prism 18 is rotated by 90 degrees compared to the 
case shown in FIG. 26. With reference to the 
surface of the magneto-optical disk, the P-polarized 
light component and the S-polarized light component 

2 5 are split in a direction corresponding to the radial 
direction of the magneto-optical disk (hereinafter 
simply referred to as the radial direction of the 
magneto-optical disk) . The P-polarized light 
component and the S-polarized light component are 

30 converged on a 4-part photodetector 19 via a lens 15 
FIG. 30A shows beam spots formed on the 4-part 
photodetector 19 when viewed in a direction X in FIG 
29. In addition, FIG. 30B shows beam spots formed 
on the 4-part photodetector 13 when viewed in a 

35 direction Y in FIG. 29. FIG. 30C shows a beam spot 
formed on the 2-part photodetector 14 when viewed in 
a direction Z in FIG. 29. 
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The 4 -part photodetector 19 is not only 
divided into two in the direction in which the light 
beam is polarized and split by the Wollaston prism 
18, that is, not only divided into two in the radial 
5 direction of the magneto-optical disk, but is also 
divided into two in the tangential direction of the 
magneto-optical disk which is perpendicular to the 
radial direction. The magneto-optical signal (MO) 
is detected from a difference signal of the 

10 polarized and split directions, that is, a signal 

( 19a+19b) - ( 19c+19d) derived from outputs of detector 
parts 19a through 19d of the 4-part photodetector 19. 
In addition, the ID signal is detected from the TPP 
signal, that is, a signal ( 19a+19c) - ( 19b+19d) 

15 derived from the outputs of detector parts 19a 
through 19d of the 4-part photodetector 19. 

FIGS. 31A through 31C are diagrams for 
explaining a relationship of ID signals on the 
magneto-optical disk and waveforms of detected ID 

20 signals. FIG. 31A shows an ID signal which is 

formed as an embossed pit lA on the magneto-optical 
disk 1, and a beam spot BS is indicated by the 
hatching. FIG. 31B shows a signal waveform of the 
ID signal which is obtained from a sum total signal 

25 (19a+19b+19c+19d) which is derived from the outputs 
of detector parts 19a through 19d of the 4-part 
photodetector 19. In addition, FIG. 31C shows a 
signal waveform of the ID signal which is obtained 
from the TPP signal ( 19a+19c ) - ( 19b+19d) which is 

30 derived from the outputs of detector parts 19a 
through 19d of the 4-part photodetector 19. As 
shown in FIG. 31B, the ID signal which is obtained 
from the sum total signal has a waveform which has a 
raised (or lowered) DC level at the part where the 

35 embossed pit lA is provided as compared to portions 
where no embossed pit is provided. On the other 
hand, as shown in FIG. 31C, the ID signal which is 



-39- 



obtained from the TPP signal has a waveform which 
makes a sharp change in the signal amplitude at edge 
portions of the embossed pit lA, and theoretically 
has a DC voltage of 0 V at a part which falls within 
5 the beam spot BS, such as the central portion of the 
embossed pit lA. The waveform shown in FIG. 31C 
corresponds to a differentiated result which is 
obtained by differentiating the waveform shown in 
FIG. 31B. Actually, due to electrical offsets of 

10 the detecting systems, the center of the amplitude 
of the ID signal does not become 0 V. 

FIG. 32 is a diagram showing a 
relationship of the ID signal obtained from a TPP 
signal, and the depth of the embossed pits. In FIG. 

15 32, a shaded triangular mark indicates a land 

recording characteristic of a 640 MB magneto-optical 
disk which employs the land recording, and black 
circular marks and shaded rectangular marks 
respectively indicate a land recording 

20 characteristic and a groove recording characteristic 
of an over- 2GB magneto-optical disk employing the 
land- groove recording. In the case of the land- 
groove recording, the data are also recorded on the 
groove, and the groove depth is made small so as to 

25 improve the S/N ratio of the magneto-optical signal. 
Due to the small groove depth, the depth of the 
embossed pits is also small. However, the amplitude 
of the ID signal which is obtained from the TPP 
signal does not decrease as in the case of the ID 

30 signal which is obtained from the sum total signal 
shown in FIG. 28. The ID signal which is obtained 
from the TPP signal has approximately two to three 
times the amplitude of the ID signal which is 
obtained from the sum total signal. On the other 

35 hand, in the case of the land recording, the 

amplitude of the ID signal which is obtained from 
the TPP signal is smaller than the amplitude of the 
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ID Signal which is obtained from the sum total 
signal . 

Therefore, when detecting the ID signal, 
it may be seen that it is effective to obtain the ID 
5 signal from the sum total signal when using the 

magneto-optical disk employing the land recording, 
and to obtain the ID signal from the TPP signal when 
using the magneto-optical disk employing the land- 
groove recording. In other words, a detection 
10 system shown in FIG. 33 may be used, so as to obtain 
the ID signal from the sum total signal or the TPP 
signal depending on the magneto-optical disk which 
is used. 

FIG. 33 is a system block diagram showing 

15 an embodiment of the detection system of the seventh 
embodiment of the optical storage unit. The 
detection system shown in FIG. 33 includes current- 
to-voltage (I/V) converters 31a through 31d, adders 
32 through 36, a subtracter 37, and a switch 38. 

20 The outputs from the corresponding detector parts 
19a through 19d of the 4-part photodetector 19 are 
input to the I/V converters 31a through 31d, and a 
sum total signal SUM= ( 19a+19b+19d+19d) is output 
from the adder 36. A TPP signal TPP= ( 19a+19c) - 

25 (19b+19d) is output from the subtracter 37. The 

switch 38 is switched to output the sum total signal 
SUM as the ID signal when the magneto-optical disk 1 
employs the land recording, and to output the TPP 
signal as the ID signal when the magneto-optical 

30 disk 1 employs the land-groove recording. The 

switch 38 may be switched manually, or automatically 
as will be described later. Accordingly, it is 
possible to switch the detection system so as to 
obtain the optimum ID signal depending on the 

35 magneto-optical disk 1 which is used. 

Next, a description will be given of an 
embodiment which detects the TPP signal using the 
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Foucault unit 12, 

FIG. 34 is a perspective view showing an 
important part of an eighth embodiment of the 
optical storage unit according to the present 
5 invention. In addition, FIGS. 35A through 35C are 
diagrams for explaining beam spots on photodetectors 
In FIGS. 34 and 35A through 35C. those parts which 
are the same as those corresponding parts In FIGS. 
2 4 through 2 6 and FIGS. 2 7A through 2 7C are 

10 designated by the same reference numerals, and a 
description thereof will be omitted. 

In this embodiment, the TPP signal which 
is obtained based on signals from the detector parts 
13a through 13d of the 4-part photodetector 13, is 

15 detected as the ID signal. In the Foucault unit 12, 
the returning light is split into two in the 
tangential direction of the magneto-optical disk 1, 
and are converged on the 4-part photodetector 13. 
FIG, 35B shows beam spots formed on the 4-part 

20 photodetector 13 when viewed in a direction Y in FIG 
34. FIG. 35A shows beam spots formed on a2-part 
photodetector 16 when viewed in a direction X in FIG 
34. Further, FIG. 35C shows a beam spot formed on 
the 2-part photodetector 14 when viewed in a 

25 direction Z in FIG. 34. 

Accordingly, based on the signals from the 
detector parts 13a through 13d of the 4-part 
photodetector 13, the TPP signal is obtained from ID 
(TPP)=(13a+13b)-(13c+13d) . In addition, when 

30 obtaining the ID signal from the sum total signal, 
the sum total signal is obtained from ID 
(SUM) = ( 16a+16b) based on signals from detector parts 
of the 2-part photodetector 16. When simultaneously 
detecting the focus error signal (FES) having a 

35 frequency of several tens of kHz and the ID signal 
having a frequency of 10 MHz by use of the 4-part 
photodetector 13, the 4-part photodetector 13 must 
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be designed to cover such signal bands, and in the 
detection system, it is necessary to separate the 
bands of the focus error signal (FES) and the ID 
signal. 

5 The focus error signal (FES) is obtained 

from FES=(13a+13d)-(13b+13c) , the tracking error 
signal (TES) is obtained from TES= ( 14a- 14b ) , and the 
magneto-optical signal (MO) is obtained from 
MO=(16a-16b) . 

10 FIG. 36 is a perspective view showing an 

Important part of an optical system of a ninth 
embodiment of the optical storage unit according to 
the present invention. In addition, FIGS. 37A and 
37B are diagrams for explaining beam spots on 

15 photodetectors . In FIGS, 36, 37A and 37B, those 
parts which are the same as those corresponding 
parts in FIGS. 24 through 26 and FIGS. 27A through 
27C are designated by the same reference numerals, 
and a description thereof will be omitted. 

2 0 This embodiment differs from the eighth 

embodiment described above, in that a Foucault unit 
20 is divided into three parts in the tangential 
direction of the magneto-optical disk 1. In 
addition, the polarization beam splitter 11 and the 

25 2-part photodetector 14 shown in FIG. 24 are omitted 
in FIG. 36. A central part 20c between side parts 
20a and 20b of the Foucault unit 20 has a spherical 
lens shape, and a portion of the returning light 
passing through this central part 20c is irradiated 

30 on a 6 -part photodetector 21 without changing 

direction. The 6 -part photodetector 21 is made up 
of six detector parts 21a through 21f. A focal 
distance of the light portion passing through the 
central part 20c of the Foucault unit 20 is 

35 different from focal distances of light portions 

passing through the side parts 20a and 20b. Thus, 
if a control is carried out to make the focus error 
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signal (FES) zero, a beam spot formed on the 6 -part 
photodetector 21 by the light portion passing 
through the central part 20c becomes larger than 
beam spots formed on the 6 -part photodetector 21 by 
5 the light portions passing through the side parts 
20a and 20b. FIG. 37B shows the beam spots formed 
on the 6 -part photodetector 21 when viewed in a 
direction Y in FIG. 36. In addition, FIG. 37A shows 
beam spots formed on the 2 -part photodetector 16 

10 when viewed in a direction X in FIG. 36. Hence, 
this embodiment detects the TPP signal using the 
portions of the returning light excluding the 
central portion of the returning light. 

Therefore, the TPP signal is obtained from 

15 ID (TPP)=(21a+21b)-(21c+21d) , and the sum total 
signal SUM is obtained from ID { SUM) = ( 16a+16b) . 
Furthermore, the focus error signal (FES) is 
obtained from FES=( 21a+21d) - ( 21b+21c) , and the 
tracking error signal (TES) is obtained from 

20 TES=(21e-21f ) . 

FIG. 38 is a perspective view showing an 
important part of an optical system of a tenth 
embodiment of the optical storage unit according to 
the present invention. In addition, FIG. 39 is a 

25 diagram for explaining beam spots on a photodetector. 
In FIGS, 38 and 39, those parts which are the same 
as those corresponding parts in FIGS. 24 through 26 
and 36 are designated by the same reference numerals, 
and a description thereof will be omitted. 

30 This embodiment differs from the ninth 

embodiment described above, in that a Wollaston 
prism 22 is arranged linearly with respect to the 
servo signal detection system. For this embodiment, 
the polarization beam splitter 9, the lens 15 and 

35 the 2 -part photodetector 16 shown in FIG. 36 are 

omitted in this embodiment. The Wollaston prism 22 
shown in FIG. 38 is fixed on the polarization beam 
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splitter 6, and the light passing through the 
Wollaston prism 22 is split into two in directions 
of the arrows, that is, into the P-polarized light 
component and the S-polarized light component. 
5 Similarly as in the case shown in FIG. 36, the P- 
polarized light component and the S-polarized light 
component pass through the lens 10 and the Foucault 
unit 20, and are irradiated on a 8-part 
photodetector 23. The 8-part photodetector 23 is 

10 made up of eight detector parts 23a through 23h. In 
other words, two sets of three light beams which are 
similar to those obtained in FIG. 36 exist in the 
directions split by the Wollaston prism 22. FIG. 39 
shows beam spots formed on the 8-part photodetector 

15 23 when viewed in a direction Y in FIG. 38. 

The focus error signal (FES), the tracking 
error signal (TES) and the TPP signal may be 
detected similarly as in the case shown in FIG. 36. 
In other words, the focus error signal (FES) is 

20 obtained from FES=( 23a+23d) - ( 23b+23c) , and the 
tracking error signal (TES) is obtained from 
TES=(23e-23f ) . The TPP signal is obtained from ID 
(TPP)=(23a+23b) -(23c+23d) . In addition, the sum 
total signal SUM is obtained from ID 

25 (SUM)=23a+23b+23h+23c+23d+23g, and the magneto- 
optical signal (MO) is obtained from 
MO=( 2 3a+23b+2 3h) - ( 2 3c+23d+2 3g) . 

FIG. 40 is a perspective view showing an 
important part of an optical system of an eleventh 

30 embodiment of the optical storage unit according to 
the present invention. In addition, FIG. 41 is a 
diagram for explaining beam spots on a photodetector 
In FIGS. 40 and 41, those parts which are the same 
as those corresponding parts in FIGS. 24 through 26 

35 and 36 are designated by the same reference numerals 
and a description thereof will be omitted. 

This embodiment differs from the tenth 
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embodiment described above, in that a Wollaston 
prism 24 splits the returning light Into three. Of 
the light beams exiting from the Wollaston prism 24, 
the P-polarlzed light components travel in the 
5 directions of arrows 24a and 24c in FIG. 40, and the 
S-polarized light components travel in the 
directions of arrows 24b and 24c in FIG. 40. These 
P-polarized light components and S-polarized light 
components are irradiated on a 8-part photodetector 

10 25 via the Foucault unit 20. The 8-part 

photodetector 25 is made up of eight detector parts 
25a through 25h. Accordingly, three sets of three 
light beams which are similar to those obtained in 
FIG. 36 exist in the directions split by the 

15 Wollaston prism 24. FIG. 41 shows beam spots formed 
on the 8-part photodetector 25 when viewed in a 
direction Y in FIG. 40. 

The focus error signal (FES), the tracking 
error signal (TES) , the TPP signal and the magneto- 

20 optical signal (MO) may be detected similarly as in 
the case shown in FIG. 38. In other words, the 
focus error signal (FES) is obtained from 
FES=(25a+25d) - {25b+25c) , and the tracking error 
signal (TES) is obtained from TES=(25e-25f ) . The 

25 TPP signal is obtained from ID ( TPP) = ( 25a+25b ) - 

(25c+25d). In addition, the sum total signal SUM is 
obtained from ID ( SUM) =25g+25h, and the magneto- 
optical signal (MO) is obtained from MO=25g-25h. 

FIG. 42 is a system block diagram showing 

30 an embodiment of a detection system of the eleventh 
embodiment of the optical storage unit. The 
detection system shown in FIG. 42 includes current- 
to-voltage (I/V) converters 41a through 41h, adders 
43 through 47, subtracters 51 through 54, and a 

35 switch 55 which are connected as shown. Signals 

from corresponding detector parts 25a through 25h of 
a 8-part photodetector 25 are input to the I/V 
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converters 41a through 41h, and a sum total signal 
SUM=25g+25h is output from the adder 43, and a TPP 
signal TPP= { 25a+25b ) - ( 25c+25d) is output from the 
subtracter 53. The switch 55 is switched in 
5 response to a control signal CNTL so as to output 
the sum total signal SUM as the ID signal when the 
magneto-optical disk 1 employs the land recording, 
and to output the TPP signal as the ID signal when 
the magneto-optical disk 1 employs the land-groove 
10 recording. The switching of the switch 55 in 

response to the control signal CNTL may be carried 
out manually, or automatically as will be described 
later . 

Accordingly, it is possible to switch the 

15 detection system depending on the magneto-optical 

disk 1 which is used, so as to output the optimum ID 
signal. A magneto-optical signal MO=25g-25h is 
output from the subtracter 51. In addition, a focus 
error signal FES= ( 25a+25d) - ( 25b+25c) is output from 

20 the subtracter 54, and a tracking error signal 
TES=(25e-25f ) is output from the subtracter 52. 

FIG. 43 is a perspective view showing an 
important part of an optical system of a twelfth 
embodiment of the optical storage unit according to 

25 the present invention. In addition, FIG. 44 is a 

diagram for explaining beam spots on a photodetector 
In FIGS. 43 and 44, those parts which are the same 
as those corresponding parts in FIGS. 24 through 26 
and 40 are designated by the same reference numerals 

30 and a description thereof will be omitted. 

This embodiment differs from the eleventh 
embodiment described above, in that a 12 -part 
photodetector 26 is used in place of the 8-part 
photodetector 25. Otherwise, the optical system 

35 shown in FIG. 43 is the same as that shown in FIG. 
40. The 12-part photodetector 26 is made up of 
detector parts 26a through 261. In this embodiment. 
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it is possible to separate the focus error signal 
(FES), the tracking error signal (TES), the ID 
signal and the magneto-optical signal (MO) on a 
single photodetector , that is, the 12 -part 
5 photodetector 26. FIG. 44 shows beam spots formed 
on the 12 -part photodetector 26 when viewed in a 
direction Y in FIG. 43. 

The focus error signal (FES) is obtained 
from FES=(26a+26d) - {26b+26c) , and the tracking error 

10 signal (TES) is obtained from TES= ( 26e-26f ) . The 
TPP signal is obtained from ID ( TPP )=( 261+26 J ) - 
(26k+261). In addition, the sum total signal SUM is 
obtained from ID ( SUM) =26i+263+26k+261 , and the 
magneto-optical signal MO is obtained from MO=26m- 

15 26n. 

FIG. 45 is a diagram for explaining a 
relationship of an ID signal amplitude and the depth 
of the embossed pits. In FIG. 45, the ordinate 
indicates the amplitude of the ID signal, and the 

20 abscissa indicates the depth of the embossed pits. 
Black circular marks indicate the sum total signal 
SUM which is obtained in the case of the land 
recording, and black rectangular marks indicate the 
sum total signal SUM which is obtained in the case 

25 of the groove recording. Further, white circular 
marks indicate the TPP signal which is obtained in 
the case of the land recording, and white 
rectangular marks indicate the TPP signal which is 
obtained in the case of the land recording. 

30 From results of experiments conducted by 

the present inventors, it is more advantageous to 
detect the ID signal from the sum total signal SUM 
when the depth of the embossed pits is large as in 
the case of the 640 MB magneto-optical disk. On the 

35 other hand, it is more advantageous to detect the ID 
signal from the TPP signal when the depth of the 
embossed pits is small as in the case of the over- 
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2GB magneto-optical disk. When an approximation 
line (or curve) Is obtained based on measured values 
of the sum total signal SUM for the land recording, 
the approximation line becomes as Indicated by a 
5 solid line in FIG. 45. On the other hand, when an 
approximation line (or curve) Is obtained base on 
measured values of the TPP signal for the land 
recording, the approximation line becomes as 
Indicated by a phantom line in FIG. 45. As may be 

10 seen from FIG. 45, the amplitude of the sum total 

signal SUM is larger at depths of the embossed pits 
greater than approximately 80 nm, and the amplitude 
of the TPP signal is larger at depths of the 
embossed pits smaller than approximately 80 nm. 

15 Next, a description will be given of a 

case where the sum total signal SUM and the TPP 
signal are automatically switched and detected as 
the ID signal depending on the magneto-optical disk 
which is used, by referring to FIG. 46, FIG. 46 is 

20 a diagram for explaining switching of ID signals. 
In FIG. 46, it is assumed for the sake of 
convenience that the automatic switching of the ID 
signals is applied to the twelfth embodiment 
described above. Of course, this automatic 

25 switching of the ID signals is similarly applicable 
to any of the embodiments described above. 

In FIG. 46, those parts which are the same 
as those corresponding parts in FIGS. 25 and 40 are 
designated by the same reference numerals, and a 

30 description thereof will be omitted. An optical 

disk unit shown in FIG. 46 generally Includes a head 
part 61 and a signal processor 62. The head part 61 
Includes a motor 63 for rotating the magneto-optical 
disk 1, a magnetic field generator 64, a driving 

35 unit 65 which drives the objective lens 8, a 

detection system 6 6 having the construction shown in 
FIG. 42, a laser diode (LD) driver 67 which drives 
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the semiconductor laser 4, an RF amplifier 68, and a 
servo amplifier 69. The magneto-optical signal MO 
and the ID signal output from the detection system 
66 are supplied to the FR amplifier 68, and the 
5 focus error signal FES and the tracking error signal 
TES are supplied to the servo amplifier 69. The 
control signal CNTL which is output from a MPU 81 
within the signal processor 62 is supplied to the 
switch 55 within the detection system 66. 

10 On the other hand, the signal processor 62 

includes the MPU 81, a flash ROM 82, a mechanical 
driver 83, a read amplifier 84, analog ASICs 85 and 
86, and a power amplifier 87. The mechanical driver 
83 controls the driving unit 65 so as to carry out a 

15 focus control and a tracking control based on the 

focus error signal FES and the tracking error signal 
TES which are obtained from the servo amplifier 79, 
under the control of the MPU 81. In addition, the 
mechanical driver 83 controls the motor 63, and 

20 controls the magnetic field generator 64 at the time 
of the recording, under the control of the MPU 81. 
The MPU 81 processes the ID signal and the magneto- 
optical signal MO which are input via the read 
amplifier 84, and for example, supplies the 

25 processed magneto-optical signal MO to another 

processor via an SCSI interface (I/F) (not shown). 

When the magneto-optical disk 1 is 
inserted into the optical disk unit, the light beam 
from the semiconductor laser 4 reads a control track 

30 IB on the inner or outer periphery of the magneto- 
optical disk 1 by making a seek, so as to recognize 
the type of the magneto-optical disk 1 by the MPU 81. 
The control track IB is recorded with disk type 
information in the form of embossed pits. The disk 

3 5 type information includes information which indicate 
the track pitch, the sector length per track, 
whether the land recording is employed or whether 
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the land-groove recording is employed, and the like. 
By reading the information from the control track IB, 
it is possible to recognize whether the inserted 
magneto-optical disk 1 is a 128M to 1.3 GB magneto- 
5 optical disk or, an over- 2 GB magneto-optical disk. 

Parameters related to the depth of the 
embossed pits are not directly recorded on the 
magneto-optical disk 1. However, information 
prestored in the flash ROM 82 indicates the types of 

10 the magneto-optical disks for which the sum total 
signal SUM Is to be used as the ID signal and the 
types of the magneto-optical disks for which the TPP 
signal is to be used as the ID signal. For example, 
the flash ROM 82 prestores information indicating 

15 that the sum total signal SUM is to be used as the 
ID signal with respect to the 128 MB to 1.3 GB 
magneto-optical disks having embossed pits with 
relatively large depths, and that the TPP signal is 
to be used as the ID signal with respect to the 

20 over-2 GB magneto-optical disks having embossed pits 
with relatively small depths. Accordingly, based on 
the information read from the control track IB, the 
MPU 81 generates the control signal CNTL so as to 
select the ID signal which is appropriate for the 

25 magneto-optical disk 1 which is inserted into the 

optical disk unit . The control signal CNTL from the 
MPU 81 is supplied to the switch 55 within the 
detection system 66 of the head part 61. 

The disk type information recorded on the 

30 control track IB needs to be detectable as the sum 
total signal SUM regardless of the type of the 
magneto-optical disk, so as to enable reading of the 
disk type information even in a low performance 
optical disk unit designed for the 128 MB magneto- 

35 optical disk, for example. For this reason, in the 
over-2 GB magneto-optical disk, for example, it is 
desirable to record the disk type information on the 
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control track IB by taking measures such as 
recording the disk type Information on the groove 
having the higher modulation factor or. Increasing 
the mark length, so as to facilitate detection of 
5 the sum total signal SUM. 

Of course, the constructions of the head 
part 61 and the signal processor 82 are not limited 
to those shown in FIG. 46, and it is possible to 
generate the control signal CNTL for switching the 

10 sum total signal SUM and the TPP signal using other 
known constructions. 

As described above, even if the depth of 
the embossed pits are made small in accordance with 
the track groove depth which Is suited for the data 

15 reproduction, it is possible to detect an ID signal 
having a sufficiently high amplitude without 
sacrificing the S/N ratio of the reproduced data 
signal. Particularly when the MSR technology is 
employed, it is possible to reproduce a satisfactory 

20 ID signal if the track depth is set small to A /8 
and the track depth is set to A/4 for the normal 
magneto-optical recording. However, although a more 
satisfactory ID signal can be reproduced when the 
depth of the embossed pits is larger, it becomes 

25 more difficult to make the substrate of the optical 
recording medium by use of a stamper if different 
depths are used for the ID signal and the track 
groove. Accordingly, when consideration is given to 
the ease with which the substrate of the optical 

30 recording medium can be produced using the stamper, 
it is desirable that the ID signal and the track 
groove have approximately the same depth. 

Further, the present invention is not 
limited to these embodiments, but various variations 

35 and modifications may be made without departing from 
the scope of the present invention. 
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WHAT IS CLAIMED IS 



5 

1. An optical recording medium 
comprising : 

a substrate having a land and a groove 
alternately arranged in a predetermined direction; 
10 a data recording region provided on the land 

and the groove; and 

an identification mark recording region 
provided on only one of the land and the groove and 
recorded with a data block identification mark. 

15 



2 . The optical recording medium as 
20 claimed in claim 1, wherein the data block 

identification mark is made of a projecting part 
formed on the groove and having approximately the 
same height as the land or, made of a cavity part 
formed on the land and having approximately the same 
25 depth as the groove. 



30 3. The optical recording medium as 

claimed in claim 1, further comprising: 

a first identification information recording 
region recorded with identification Information for 
identifying the data recording region on the land; 

3 5 and 

a second identification information recording 
region recorded with identification information for 
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identifylng the data recording region on the groove, 

said data block identification mark being 
recorded on only one of the first identification 
information recording region and the second 
identification recording region. 



4. The optical recording medium as 
claimed in claim 3, wherein the second 
identification recording region is staggered with 
respect to the first identification information 
recording region in a direction of a track which is 
formed by the land or the groove. 



5 . The optical recording medium as 
claimed in claim 3, wherein information for 
identifying the data recording region is recorded by 
a magneto-optical recording. 



6. The optical recording medium as 
claimed in claim 2, wherein a width of the 
projecting part forming the data block 
identification mark is greater than or equal to a 
width of the land, and a width of the cavity part 
forming the data block identification mark is 
greater than or equal to a width of the groove. 
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7. The optical recording medium as 
claimed In claim 1 , wherein a depth of the groove 
forming the data recording region is different from 
a height of the projecting part and a depth of the 
cavity part which form the data block identification 
mark. 



8. The optical recording medium as 
claimed in claim 1, further comprising: 

a buffer track formed solely of a track and 
arranged at a boundary of the regions which are 
divided in the predetermined direction on the 
substrate . 



9. A method of detecting a data block 
identification mark from an optical recording medium 
which is provided with a substrate having a land and 
a groove alternately arranged in a predetermined 
direction, a data recording region provided on the 
land and the groove, and an identification mark 
recording region provided on only one of the land 
and the groove and recorded with a data block 
identification mark, said method comprising the step 
of: 

(a) detecting the data block identification 
mark from a land or a groove having no 
identification mark recording region, based on a 
crosstalk signal from a data block identification 
mark of an adjacent groove or land. 
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10. An optical storage unit for writing 
and/or reading information from an optical recording 
medium which is provided with a substrate having a 
land and a groove alternately arranged in a 
5 predetermined direction, a data recording region 
provided on the land and the groove, and an 
identification mark recording region provided on 
only one of the land and the groove and recorded 
with a data block identification mark, said optical 

10 storage unit comprising: 

an identification mark detecting section 
detecting the data block identification mark from a 
land or a groove having no identification mark 
recording region, based on a crosstalk signal from a 

15 data block identification mark of an adjacent groove 
or land; 

a first detector detecting data recorded on the 
data recording region; and 

a second detector detecting the data block 
20 identification mark. 



25 11. The optical storage unit as claimed 

in claim 10, wherein said second detector detects 
components of a light beam which is split into at 
least two in a direction of a track on the optical 
recording medium and/or a direction traversing the 

30 track on the optical recording medium. 



35 



12. The optical storage unit as claimed 
in claim 11, wherein said identification mark 
detecting section detects the data block 
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Identif ication mark from one of a sum signal and a 
difference signal derived from two output signals 
from the second detector which detects the light 
which is split into two in the direction of the 
5 track on the optical recording medium. 



10 13. The optical storage unit as claimed 

in claim 11, wherein said identification mark 
detecting section detects the data block 
identification mark from one of a sum signal and a 
first difference signal derived from two output 

15 signals from the second detector which detects the 
light which is split into two in the direction 
traversing the track on the optical recording medium. 

20 

14. An optical storage unit usable with 
an optical recording medium which has a track groove 
and pits with the same depth, and the track groove 

25 has a predetermined depth suited for data 

reproduction, said optical storage unit comprising: 

a photodetector detecting a returning light 
which is reflected from the optical recording medium 
and is split into at least two in a direction of the 

30 track on the optical recording medium; and 

an ID signal detector obtaining a difference 
signal of output signals of the photodetector which 
detects the light which is split into at least two 
in the direction of the track on the optical 

35 recording medium, and outputting the difference 
signal as the ID signal. 
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15. An optical storage unit for optically 
reading from an optical recording medium an ID 
signal which indicates a position on the optical 
recording medium by embossed pits, said optical 
5 storage unit comprising: 

a photodetector , having detector parts divided 
into at least two in a direction corresponding to a 
track on the optical recording medium, detecting 
returning light beam which is reflected from the 
10 optical recording medium; and 

an ID signal detector detecting a difference 
signal in the direction of the track based on output 
signals of the detector parts of the photodetector, 
and outputting the difference signal as a detected 
15 ID signal. 



20 16. The optical storage unit as claimed 

in claim 13, wherein: 

said detector parts of the photodetector are 
divided so as to detect components of the light beam 
split into two in directions corresponding to the 

25 track on the optical recording medium, and so as to 
detect components of the light beam split into two 
in directions corresponding to the direction 
traversing the track on the optical recording 
medium; and 

30 said ID signal detector obtains a second 

difference signal in the direction traversing the 
track based on output signals of the detector parts 
of the photodetector, and outputs the second 
difference signal as a reproduced optical signal. 
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17. The optical storage unit as claimed 
in claim 16, further comprising: 

a Foucault unit splitting a returning light 
beam reflected from the optical recording medium 
5 into three in directions corresponding to the track 
on the optical recording medium, and irradiating the 
split beam on the photodetector , 

said ID signal detector obtaining the first 
difference signal using a detection result of the 
10 photodetector excluding a central portion of the 
returning light beam. 



15 

18. The optical storage unit as claimed 
in claim 15, wherein said ID signal detector obtains 
a sum total signal in a direction corresponding to 
the track on the optical recording medium based on 
20 output signals of the detector parts of the 

photodetector, and outputting the sum total signal 
as the detected ID signal. 



19. The optical storage unit as claimed 
in claim 16, wherein said ID signal detector obtains 
a sum total signal in a direction corresponding to 
the track on the optical recording medium based on 
output signals of the detector parts of the 
photodetector, and outputting the sum total signal 
as the detected ID signal. 
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20. The optical storage unit as claimed 
in claim 18, further comprising: 

an output section selectively outputting one of 
the difference signal and the sum total signal as 
the detected ID signal. 



21. The optical storage unit as claimed 
in claim 20, further comprising: 

a controller automatically controlling a 
switching of the output section depending on a type 
or capacity of the optical recording medium. 



22. The optical storage unit as claimed 
in claim 20, wherein: 

the optical recording medium comprises a 
magneto -optical recording medium; and 

said output section selectively outputs the 
difference signal as the detected ID signal when a 
depth of the embossed pits of the magneto-optical 
recording medium is approximately 80 nm or less. 



23. The optical storage unit as claimed 
in claim 19, further comprising: 

an output section selectively outputting one of 
the difference signal and the sum total signal as 
the detected ID signal. 



24. The optical storage unit as claimed 
in claim 23, further comprising: 

a controller automatically controlling a 
switching of the output section depending on a type 
5 or capacity of the optical recording medium. 



25. The optical storage unit as claimed 
in claim 23, wherein: 

the optical recording medium comprises a 
magneto-optical recording medium; and 

said output section selectively outputs the 
first difference signal as the detected ID signal 
when a depth of embossed pits of the magneto-optical 
recording medium is approximately 80 nm or less. 
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ABSTRACT OF THE DISCLOSURE 

An optical recording medium is provided 
with a substrate having a land and a groove 
alternately arranged In a predetermined direction, a 
5 data recording region provided on the land and the 
groove, and an identification mark recording region 
recorded with a data block identification mark. The 
identification mark recording region is provided on 
only one of the land and the groove. 
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ttliTae<0»n#ibX, *tiliatCHi"5— Wo POWER OF ATTORNEy: A. • n»med Inventor. 1 h«r«by appoint 
^Kfe^4r*»R=i««»te5tU-C3«ffi-5#a±*fcllrtaA »h« .fotlowtaa a«om.y(«) »a<Uor •g*n((s) to proiKut* thic 
iL-C, TE«>«-S:tfi*V*fcL*i-. (^a±. tfcllfta .pptlcitlon «nd tr«i«»ct all builn... in th. P.t«nt and Trademark 
i) Offlca connected therrwtthpwiwme and rtff/«tntfon/jamb«J 


Attorney Reg. No. 
Patrick G. Bums 29,367 
Roger D.Greer 26,174 
Lawrence J. Grain 31,497 
Steven P. FaUon 35,132 




Attomev Ree. No. 
James K. Folker 37,538 
Jonathan D. Feuchtwang 41,017 
B.Joe Kim 41,895 
JoelH.Bootzin 42,343 




aCSE«giiK5fe ■ (*W2i.I/«eS*) 




Send Correspondence to: 

Direct TelaphoiM tUlli lo; (name anrf Mtphon* mmbai) 

Patrick G. Bums, Esq. 

Greer, Bums & Grain, Ltd. 

Sears Tower - Suite 8660 , 233 S. Vfecter Dr. 

Chicago, IL 60606 (312) 993-0080 








FuS nwne or aote or IM Inventor 

Hideki Nishiruoto 










'^!d^*OuJbm0B- 24!''2000 






&m ReeWioce 

Kawasaki-shi, Kanaaawa. Japan 






mn 




CMlzenehlp 

Japan 










Post Office Address 

C/O FUJITSU LIMITED. 






1-1, Kamikodanaka 4-chane, Nakahara-ki 
Kawasaki-shi, Kanaqawa, 211-8588 Japai 










fH* i»me of second JoW Inventor. If any 

Yasuaki Morimoto 










Scc«x)dJnventoi'* ^gn^ Date March 

24, 2000 










Reewenee 

Kawasaki-shi, Kanagawa, Japan 






Bff 




Citizenship 

Japan 










Post Office Addres* 

c/o FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chcme, Nakahara-ki 
Kawasaki-shi, Kanagawa, 211-8588 Japar 








(Supply sknllar InfonnaUon and signature l«>rttilrtf and sut>se<{ueftt 
Joint inventors.) 
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Full nanw of diirl joint inventor, if any 

Shiqeru, Arai 












R«sid«nc« " 

Kawasaki-shi, Kanaqawa, Japan 


mn 




Japan 


« fljjff Post Offic* Addrew 

C/O FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chome, Nakahara-ku, 












Fun name of foui4i joint inventor, if any 

Takehiko Numata 






■ *lnventof««Jgnatur«^ ^ D«t« March 
171 11 ^jMt^-eJMy 24, 2000 






Kawasaki-shi, Kanaqawa, Japan 






C)ttz«n*hip 






PottOnicaAddrtM 

c/o FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chQme, Nakahara-ku, 






Kawasaki-shi. Kanaqawa. .Tap^n 






FuB name of 6ftt joint inventor, if any 

Shigenori Yanaqi 






Invwitoi'c •igoate* v ( ^ i OaX» March 

^^CJ^l^ }^^-^ 24, 2000 


&m 




Kawasaki-shi, Kanagawa, Japan 


mn 




Citizenatup 

Japan 






PostOffiMAddrws 

c/o FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chane, Nakahara-ku, 






Kawasaki-shi, Kanagawa, 211-8588 Japan 






Full name of sixdi joint inventor, if any 

Jun Aoki 






r iinv«*x'.«Hjnah« o.f March 

/7 /?f -r - 24, 2000 
(^f<^ '■/{/'^ — 






R«<4d«flea 

Kawasaki-shi, Kanaaawa. Japan 


BH 




CittEWttMp 

Japan 






PoctOfTicaAddraw 

c/o FUJITSU LIMITED, 






1-1, Kamikodanaka 4-chome, Nakahara-ku, 






KawaHaki-shi , Kan^g;=.w?^ 71 1 T^pan 



Joint iRV«ntors4 
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